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This inventiQii is concerned wife the measuring of the amount of red Wood 
cells ui blood or the likB. When administrating blood to a person that has lost blood or 
who is opetated on. or whose blood is mideigoiiig dialysis, it is importaiit to monitor the 
amount of red blopd cells, since too low or too hi^ numbers can be dangerous and maybe 
even fatal. Also, it is of essence to know the red blood cell count of a donors' blood. The 
measuring methods and apparatuses existing today are either not suited for continuous 
monitoring or too maccorate to piovide an efficient and accurate control basis. Prior ait 
atten5>ts to use the weU know Ijaribert-Beer principle of attenuation. This - 
only be used when the blood is in near contact with the light emitter and the detector, 

such as in a laboratory photbineler. Also, attempts have been made to compensate unUnear 
effects. 

When admudstratiiig blood, tt is of great vahie if the action of extraction of 
blood flrom tnbiqgs. blood transport devices, cuvettes or flie like, can be avoided. This 
would save thne, cost, blood and also enhance safely fbr the personnel. 

fa view of the above indicated problems it is the otgect of the mvention to 
define a measurii^ method and an ^aiatos allowing cootmuous, safe and sufficiently 
precise measuring of tile red blood cell count 

In accordance with the mvention, Oie above object is achieved by radiating 
flie blood wifli, preferably, near mfiated light (NBR) and measuring tiie light scattered by 
fliB blood cells m at least two essential^ oppositely angled directions relative tiie direction 
of flie enterii« iltonainatiag Ught beam; preferably at a li^ angle. 

Practical tests have shown tiiat a lemaricable improvement in precision 
relative «» prior art is achieved already when onty two exit directions ate mi^ 
alflwugh precision mctease widi the nmtfber of detectois. Ako, an arrangement wifli a 
ptaralhy of petpendicnlarly arranged emitters and a pluiaUly of tektive each other 
peipendicnfar detectors ofifeet in the stream dhsction will provide good results. 

The Invention is surprishigly sunple and yet accurate. One reason for tiie 
snccessfU measuring wifli flie inveiition is flat the red blood ceUs act as mmnle reflector 
It is well known fliat red blood cells scatter atid refract light The blood cells havh^g a 
30 normal orientation essentiaOy peipendicular to tiie plane defined hy flie sensors and flie 
light source wiU to a snfBcient extent eitiier be directed hito one detector or die opposite 
one . These facts contribute to die exphuiation of the smprismgly good results achieved 
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with the invaition as compared yrfilx liiofie of pievi<nis oirt^ 

The quality of the inventBd measnrmg method is shown in fig. i. where in 
a diagramm the conehition between measurements taken m accordance wiih the favention 
of pt^ared sanvles and careful laboratory reference measurements of the same samples 
■is shown. 

The blood oeU flow may be randomly spread, randomty oriented and 
nmdomly concentrated due t6 flow characteristics varying from set up to set up. For 
instarice. a slightly dianged bend of Ihe pipe a distimce away from the measure point may 
cause a change in the flow, thus ofisettiiig the concentratian core of the blood cells flowing 
past the sensors . By increasing the number of sensors to cover reflections from an as large 
part as possible of the flow cross section, such variations may be reduced in the 

measuring. Also, an arrangement with one or several additional sets of emitters at other 
angular directiom together with corresponding sensors can improve the a^ 
measuring. The diflbrent emitt^ may be puked so that they do not mfluence each others 
daived signals. Still, the pukes may be so frequent Aat tbe location of the blood cells is 
practicaUy the same from one said pulse to the next. 

In accordance with the invention, the dampmg sensor part has a polygonal 
cross section, in partialis triangutar. rectangular or quadratic. This provides a number 
of advantages: Good contact wift the elastic tubing is obtained even if the diin«^ 
this vary. By arranging the senson» in the flat parte of the dan^s uninflnenced cond^ 
for the sensors win be obtained from occasioi to occasion. Additionally the area of the 

cnjss section will be slightly decreased increashig 4e speed of the blood c^^ 

flow in the comers wiU be somewhat slowed down. In an. the flow variations caused by 

outer ckcumstances is compensated fbr. as apparent ht the description. 

Also, the optical coopUqg is weU defined by the possibility to bave a short 
ahr space from the sensor or illumination source to the pipe. Nor is it necessary to i^ply 
special gel coupUng substances between the tubhig and the emitters and sensors 
respectively. 

Further advantageous features and advantages of Ifae mvention are apparent 
from the claims as weU as the foUowmg descri^ of an embodhnent of the invention 
shown in the enclosed drawing. Fig 1 is a diagram showmg the correlation between 
measurements taken m accoitoe wifl, ibe invention of prepared samples and carefW 



'02 12/21 LOR 00:30 FAX 013flfl|2 BEIA3L0NDS PATB @008 



O1388102 ..zr..... t 



3 

labaratoiy reference measoiranentB of the same samples, fig 2 show a cross section of a 
device according to the inventioii. and fig 3 and 4 a similar embodiment of the invej^on. 
The measuring unit in fbe in fig 2 con^ of a U-shaped channel 1 in the 
bottom 2 and sides 3, 4 of whicSi plates S. 6. 7 are arranged each provided vdth a row of 
5 holes or qpenings 8 along the channel. In the bofttom plate 6 a light emitter 10 is 
arranged ui the first hole in the row. hi the plates located on tiie sides of the chamiel the 
phites Ugfat sensors 9 are arranged m Oie first tfie holes (in fhe same end as the light 
emittas. The autters 10 and the sensors 9 are all arranged at fiie outer end of tilie holes 
on the paiKl sides ftdng away from fiie center of the chanuel. The sensors and emitters 
10 are directed towards the center of the f-iMMini.| 

The diaimel is ftKflin provUed widi a M 11 with whidi die diannel ca^ 
covered transfetring it to a tube-like structure widi a square oms section. Also flte lid 11 
is inovided wifli a hole provided plate 12 witti a sensor 9 or emitter 10 at die outsit of 
eadihole. 

^ other holes hi the fbur said rows of holes, detectors .or emitto can be 
fitted for fiudiBr enhancanent. Ifdetectors or emitters hi diese said other holes, the holes 
at the ends of the rows can be fitted wiiii detectnts or emitters wifli no Ihuit to selection 
other than that at least one emitter is used in the measuring uniL 

The embodyment shown in fig 3 and 4 is shnilar to that of fig 2 and the same 
20 T^brence numerals is dierfor used. 

When red btood cell measuring is to take place, an Ous&b. dear tubmg 13, 
diat is used anyway for the blood transport to or from a indent, is placed hi die channd 
1 . The lid 11 is put in place, pressed down against the tubing 13 and then lodoed in place. 
The size of die channel in its closed form is at fabrication diosen iso small duit the plastic 
25 taibing at clanqthig is forced to assume an essentially square cross section wilb sli^y 
rounded comers. Tiie anitted 11^ intersects the area fywa. which the sensors can d^ect 
li^ scattered.towards die sensors resuldng hi a "scanned area " 14. 

A further develc^ed enAodiment may include die possibility to adjust the size 
of the channel with lid. 

?0 T^e channel and lid is not limited to die shape of a "U" and lid, but can also, 

for instance be shaped as two equally formed "L-s" or two opposed angular elements. 

The use of a rectangular channel has die advantage that several parallel 
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sensora may be anaoged tbe same plane and sense Hie presence of led blood cells in an 

increased cross section area where onitted light can be saised. 

Due to the compression of the clear tubing will bulge out sli^tly mto 

each hole in die plates fonoiqg lens-likB siiifi»e8 that wffl help in focusing a broader beam 

of scattered light to die sensors. Since however the w:dl of the tubing m ftont of die light 

sources and sensors is essendaOy flat, (he light transport lateraUy into or out from the 

tubing through its waa win be reduced in relatim to dicubr tubing, thus essentially 

eihninati«g an error source. Also the diaip cotneis wiU woik to thte 
propagation is reduced in a dtcomfeenlial directioiL 

White measuring, short light pulses wifli a suitable wavelength are emitted 

from the light sources and then measunMl by the sensors. Tlie signals ftom the sensors 
fed to an evaluation device, for mstance a eompuiBr or signal processor, where die signals 
are integrated, sunmied or processed in other ways in order to provide a measure 
representative of the entire amount of red blood cells m ihe tubing. Rtom this result, the 

15 hematocrit vahie can be expressed as shown in fig. 1. 

It has turned out that abeai!^ by ushtg only two perpendicular sensors very 
accurate values are obtained. Additional certafaty and ptecision can be achieved by usmg 
more emitters, and/or sensors. PresomaUy frnrtfaer precision can be gained by disruption 
of the square cross section or achaiige to another cross section or die same but sHghtty 

20 angled. 

A considerable advantage of ibs invention is diat no special measuiiqg 
chamber has to be separately fidwicated, exchanged or washed. 

By usfaig two wavelengflis measurmg also the oxygen saturation and other 
blood constitutions can be measured. 

A great advantage is that a measuring device is obtained that can simply be 
damped around a present dear tube without the tubing wall curvature influencing die 
measuring. 

Several light sources may be used causing the blood cells hi a defined area 
or space to reflect light to fiie sensors! 
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1. AppaiatnsfortfaexneasttriBgof Ite characterized 
in that it comprise a recqption ^ace for die reception of a section of a tubing for a blood 

S flow, said reception space beiqg polygonal, in particular square to its cross section and so 
dimensioned relative ttie tubing that the cross section of this when danced in Ae reception 
space becomes at least slightly polygonal. 

2. Apparatus according to claim 1, characteri^ in that the recqption space is constituted 
of a square U-shaped racloising channel with a lid. 

10 3. Apparatus accordii^ to claim 1, characterized intliat the recqption space is constltated 
of an enclosing channel formed by two iHshapes. 

4. Apparatus accordiqg to claim 1,2 or 3, characterized in that sensors or liglit sources are 
arranged in the flat areas of the tubing. 

5. Apparatus according to claim 4 characterized in ttiat openizigs are arrapged in the fiat 
IS walls of the reception space for the arrangement of sensors and li^ sources. 

6. y^aratus according to claim 5, characterized in that an air space is left between the 
tube wall and the sensors as well as the light source. 

7. Apparatus accordiiiig to claim 1, diaracterized in that it comprises a light source and at 
least two essentially opposite sensors. 

20 8. Apparatus according to claim 7 characterized in that sensors and lig^t source are 
arranged perpendicular to the direction of a tnbiqg for a blood stream to be. 

9. Apparatus aocordiqg to cdaim 7 characterized in that sensors or light sources are 
arranged in the flat areas of the tubing. 

10. Apparatus according to daim 9 characterized in that openitigs are arranged in the flat 
25 walls of the reception spaces for the arrangemoit of sensors and lig^t sources. 

11. Apparatus according to claun 10, diaracterized in that an air space is left betwerai the 
tube wall and the sensors as well as the light source. 
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S AMMANDRAG 

Appaiatas a for the measaring of the amount of blood cells in a sample, comprisiiig a 
5 reception space for the lec^tion of a piece of a tabing for a blood flow, which recq)tiion 

space is polygonal, in particular square, to its cross section and so dimensioned xelatiye 

the tubmg that the cross section of this whm clamped beccunes at least sUghtly polygonal. 

The reception space is constftuted of an encloabog duutmel and sensors and hsfat sources 

are arranged in the flat areas of the tubing. 
10 
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